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1.  INTRODUCTION 


The  orotron1''  is  a  new  type  of  electron 
device  for  generation  and  amplification  of 
millimeter  wave  radiation.  The  device  consists  of 
an  electron  beam  generator  and  collector  and  a 
Fabry-Perot  resonator  containing  one  grooved 
mirror  (grating)  and  one  smooth  mirror.  The 
principle  of  operation  of  the  orotron  is  based  on 
the  Smith-Purcell  effect.4 

A  previous  study*  describes  the  physical 
principles  of  orotron  operation  and  surveys  the 
existing  experimental  and  theoretical  literature 
(mostly  from  the  Soviet  Union).  To  augment  the 
information  in  that  report,  quantify  its  conclu¬ 
sions,  and  aid  in  the  development  of  the  first 
operating  orotron  in  the  United  States  (at  the 
Harry  Diamond  Laboratories),  this  series  of 
reports  will  cover  theoretical  aspects  of  the 
orotron  problem.  This  first  report  covers  the 
power  and  spectral  chracteristics  of  the  orotron 
operating  both  as  an  oscillator  and  as  an 
amplifier. 

Section  2  of  this  report  describes  the 
operating  principle  of  the  orotron  and  its  relation 
to  a  simple  equivalent  circuit  representation. 
Feedback  in  the  device  (via  bunching  of  the  elec¬ 
tron  beam  by  the  rf  field  in  the  open  resonator)  is 
represented  by  a  negative  conductance.  Section  3 
derives  the  chracteristics  of  the  orotron  as  an 
oscillator  by  using  the  equivalent  circuit  of  sec¬ 
tion  2  coupled  to  a  noise  source  representing  the 
Smith-Purcell  radiation.  Section  4  describes  the 
characteristics  of  the  orotron  as  an  amplifier  for 
both  monochromatic  drivers  and  drivers  with  a 
finite  spread  in  frequency. 

2.  EQUIVALENT  CIRCUIT  OF  OROTRON 

A  diagram  of  the  orotron  is  shown  in 
figure  1. 
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Figure  1 .  Orotron  oscillator  amplifier, 
schematic  diagram. 


The  essential  components  of  the  system  are  as 
follows: 

Electron  gun  .—A  uniform  sheet 
beam  of  electrons  is  produced  by  the  electron 
gun.  The  beam  is  typically  0.03  *  1.0  cm  in 
cross  section  and  carries  a  current  of  10  to 
500  mA.  Upon  exiting  from  the  gun  region,  the 
electrons  in  the  beam  have  traversed  a  potential 
difference  of  1000  to  5000  V. 

Electron  collector  . — The  final  resting 
place  for  electrons  in  the  beam,  the  collector, 
must  dissipate  several  hundreds  of  watts.  The 
electron  collector  has  no  relevance  to  the  rest  of 
this  discussion. 

Input  waveguide  .—When  the  oro¬ 
tron  is  operated  as  an  amplifier,  some  means 
must  be  arranged  to  provide  preliminary 
modulation  of  the  electron  beam  by  the  signal  to 
be  amplified.  The  arrangement  shown  in  figure  1 
is  one  way  to  provide  modulation;  electrons 
passing  by  the  input  waveguide  are  bunched  by 
the  incoming  rf  field,  and  this  bunching  leads  to 
an  electron  density  variation  at  the  rf. 

Reflecting  grating  and  mirror  .  —One 
of  the  mirrors  of  the  Fabry-Perot  open  resonator 
contains  a  reflecting  diffraction  grating,  which 
converts  density  fluctuations  in  the  electron 


beam  into  radiation.  The  wavelength.  A,  of  the 
radiation  upward  in  the  diagram  is  approximate¬ 
ly  determined  by  the  Smith-Purcell  formula' 

A  «/-§-,  (1) 

where  I  is  the  period  of  the  grating,  c  is  the  speed 
of  light  in  vacuo,  and  v  is  the  velocity  of  elec¬ 
trons  in  the  beam.  For  accelerating  voltage 
V  =  2500  kV,  we  get  v  =  3  *  10v  cm/s, 
and,  to  obtain  radiation  at  A  =  4  mm,  we  must 
choose  I  =  0.4  mm. 

Smooth  reflecting  mirror  .  —  The 
smooth  reflecting  mirror  forms  the  other  half  of 
the  Fabry-Perot  resonator  and  contains  the  out¬ 
put  coupling.  The  resonator  formed  by  these 
mirrors  is  an  overmoded  cavity  having  several 
resonances  in  the  region  of  interest.  By  varying 
the  beam  accelerating  voltage  or  the  mirror  spac¬ 
ing,  it  is  possible  to  excite  different  resonances; 
generally,  however,  for  a  fixed  configuration, 
only  one  resonance  is  excited  at  a  time. 
Therefore,  in  what  follows,  we  concern  ouselves 
with  a  single  resonance. 

Output  coupling  and  waveguide  .— 
Coupling  out  of  the  radiation  in  the  orotron  is 
performed  by  means  of  a  slot  in  the  smooth  mir¬ 
ror  of  the  resonator.  Dimensions  of  the  slot  are 
generally  chosen  so  that  losses  due  to  the  slot  are 
comparable  to  all  other  losses  in  the  system. 

The  orotron  may  be  represented  by  an 
equivalent  circuit,’  as  shown  in  figure  2.  The 
current  source,  i(oj),  may  represent  a  noise 
source  due  to  fluctuations  in  the  electron  beam 
current  (in  the  oscillator  case)  or  the  modulation 
in  the  electron  beam  due  to  the  driver  input  (in 
the  amplifier  case).  The  passive  open  resonator  is 
represented  by  a  complex  admittance, 

Y0(o>)  -  GoM  +  iB0(w)  .  (2) 


'A.  Yanv  in  Quantum  Electronics,  2nd  ed..  lohn  Wiley  and  Sons. 
Inc  New  York  f 1975 ).  300  ff 

*D  F.  Wortman  and  R  P.  Leavitt,  Near  Millimeter  Wave  Orotron 
Research  Study  Harry  Diamond  Laboratories  ( October  I97H)  f draft ) 


In  the  vicinity  of  a  resonance  at  frequency  cu„,  the 
admittance  may  be  approximated  by 

Y„(o>)  =  G0  +  iBo(ui  -  a>o)  ,  (3) 

where  the  quantities  G0  and  Bi  are  constants  (in¬ 
dependent  of  frequency).  The  output  coupling  is 
represented  by  an  additional  conductance,  G,.,, 
in  parallel  with  Y„. 


Figure  2.  Orotron  equivalent  circuit. 


The  important  element  in  the  circuit  is 
the  negative  conductance,  which 

represents  the  effect  of  the  rf  oscillations  in  the 
resonator  on  the  electron  beam.  We  can  show  by 
the  rigorous  theory  of  electron  bunching  that, 
with  proper  synchronism  of  the  electron  speed 
and  the  phase  velocity  of  rf  radiation,  the  beam 
bunching  leads  to  radiation  into  the  resonator. 
The  theory  predicts  linearity  of  with  elec¬ 

tron  beam  current  and  also  a  saturation  effect 
depending  on  the  total  rf  energy  density  in  the 
resonator. 

The  equivalent  circuit  of  figure  2  can 
be  used  to  derive  the  power  and  frequency  char¬ 
acteristics  of  orotron  oscillation  and  amplifica¬ 
tion.  The  following  sections  explore  these 
characteristics. 


3.  OSCILLATION  CHARACTERISTICS 

The  orotron  operates  as  an  oscillator  when 
the  current  source  is  a  low-level  noise  source 
(fig.  2).  Physically,  the  noise  arises  from  elec¬ 
tron  beam  current  fluctuations,  which  are 
transformed  into  radiation  via  the  Smith-Purcell 
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effect.  One  may  analyze  the  operation  of  the 
oscillator  in  a  first  approximation  by  neglecting 
this  low-level  noise. 

Consider  the  equivalent  circuit  of  figure  2  in 
the  absence  of  the  current  source,  i(co) . 
Kirchhoff's  current  equations  then  require  that,  if 
the  voltage  drop  across  the  circuit  is  nonzero,  the 
sum  of  the  admiitances  must  vanish.  This  implies 
that  (eq  3) 


Bi(u)  -  U>o)  -  0  . 

(4a) 

G„  +  Gw,  -  Gw..  -  0 

(4b) 

Equation  (4a)  requires  that  the  oscillation  be  at 
the  resonant  frequency,  u>„.  To  interpret  equa¬ 
tion  (4b),  recall  that  the  electron  beam  conduc¬ 
tance.  -Gw.-,  is  a  function  of  the  electron  beam 
current.  U,  and  the  total  energy  density  in  the 
resonant  cavity.  L).  Thus,  for  a  given  beam  cur¬ 
rent,  U  adjusts  itself  until  equation  (4b)  is 
satisfied.  Equation  (4b)  is  an  implicit  equation 
for  U  in  terms  of  1«.  Since  the  energy  density  is 
directly  proportional  to  the  power  output.  P-,. 
of  the  device,  one  may  write  Gw-  as  a  function 
of  1„  and  I'.,,  rather  than  I«  and  U. 

In  an  application  to  a  particular  example.* 
Gw-  “  Io(n0  -  o,l«,)  ,  (5) 


Equation  (6)  may  be  written  in  terms  of  more 
familiar  quantities.  Identifying 

1,  _  _  ?«  {7) 

a  o  a , 


one  obtains 


P-. 

P^. 


0.  U<  l.  , 

^  ,U>L  . 


(6') 


Thus,  l.  represents  the  threshold  current  (starting 
current)  below  which  oscillation  does  not  take 
place.  P-.,  is  the  maximum  power  obtained  from 
the  oscillator  by  letting  l„  -*  00  in  equation  (6'). 


Equation  (4a)  states  that  the  output  radia¬ 
tion  from  the  oscillator  is  monochromatic  at  fre¬ 
quency  u>«.  However,  the  presence  of  the  noise 
source  in  figure  2  leads  to  a  finite  spectral  width 
of  the  output  and  also  modifies  equation  (6'). 

Consider  the  equivalent  circuit  in  figure  2, 
where  i(u>)  represents  broadband  noise.  The 
noise  may  be  parametrized  by  recalling*  that  the 
Smith-Purcell  radiation  (which  this  noise 
represents)  is  proportional  to  the  square  of  the 
electron  beam  current.  Thus,  the  power 
dissipated  by  the  resistive  elements  G„  and 
(that  is.  without  the  resonant  cavity  and  the  feed¬ 
back)  is  given  by 


where  a„  and  a,  art'  constants  depending  on  the 
geometry  of  the  orotron.  Substituting  equation 
(5)  into  equation  (4b).  one  obtains  tor  the  output 
power 


0  I„< 


Go  +  G-., 

»a 


P~,  - 


lo<». 


|loOo  -  (Go  +  G-,,)]. 


1  |i(u>)|1 

p„(u))  do>  =  — - du? 

2  Go  +  G-,. 

“  ~2  Ur,  du>  (8) 

where  p.(u>)  is  the  spectral  density  of  the  noise 
and  r.  is  a  parameter  characterizing  the  Smith- 
Purcell  radiation  due  to  fluctuations  in  the  elec¬ 
tron  beam.  The  voltage  drop  across  the  circuit  in 
figure  2  at  frequency  u>  is  given  by 


-f-  Gw, 

On 


i(b>) 

(6)  V(u>)  - - .  (0) 

Go  +  Gw.  -  Gw.-  +  iBo(u>  -  u>0> 


*  Tkt%  ft'IU'w*  «i  ;vuv»  »«•»*"  fifMttsiiW  i»f  thf  «*/i>  f»o»i 

t*f  ft H*  ft  !*/•*•  P'l«  tlt'lil 


•o  A  >  N  T*rt  vaki'v  a*ui  V  P 
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and  the  spectr.il  power  density  dissipated  in  the 
output  conductance  is 


P-.(ui)  -  *  G^.IVludl1 


1  C'.«.,|i(u))|' 

2  (U  +  C'wC'.m.-J'  +  Mu.-u..)*  ' 

The  resonant  cavity  is  characterized  by  its  quali¬ 
ty  factor.  Q.  given  by 


^  2(G,~+  G,.)  •  U,) 

and  one  may  define  an  effective  Q.  Q.„.  for  the 
beam-cavity  system  by 


Q.„  " 


2(U  +  G«.  -  G^_) 


Recalling  that  equation  (121  defines  Q.„  and 
that  G..._  is  dependent  upon  one  sees  that 
equation  (15)  must  In-  solved  self-consislently  to 
obtain  I\...  This  solution  necevsitates  staling  a 
specific  form  for  G,„_.  as  done  in  equation  (5) 
However,  equation  (15)  may  be  inverted  to  give 
the  effective  quality  factor 

4QT„. 

Q.„  - -  <  It*) 

nAr,u>ul« 

whence  one  can  get  the  line  width*  of  the  output 
radiation  from  equation  (14) 


uiti  nAr.uialu 

J,-i  -  -  -  -  .  (17) 

2Q.„  8QT... 


This  relation  holds  in  general,  independent  ol  the 
specific  functional  form  of  G„.._ 

To  take  a  specific  example.  of  the  form 
given  by  equation  (5).  use  of  equation  (7)  in 
equation  (12)  leads  to 


Furthermore,  the  output  coupling  factor  is  de¬ 
fined  as 


Cw  +  G» 

Using  equations  (II)  to  (13)  and  (8)  in  equation 
( 10).  one  arrives  at  thi  spectral  decomposition  of 
the  output  powr- 


Q..,  - 


TKz) 


and  therefore  equation  <  1  e*'  becomes 


M-fe) 


4Q'r«, 

n  A  r  ,ii\i  I.. 


p» ,(u>)  “ 


Id)  -  u)o 


r*  ] 


and  the  total  power  output  is 


Pw  ”  /  p„,(u>)  du> 


nAr.u>,UQ.„ 


(14)  which  is  a  quadratic  equation  in  P„,.  The  solu 


I’-.  1  l. 

W, -  |  l  -  —  (20) 

2  (  l„ 

I  /  L  \  >  nAr.uiou,!.  |i  i  | 

_ +[Vmi)  +  KJQ  J  t 

•*'  th% ■  Jri'Wfh'ff  .*♦  x  /j»»i  .  wf  t4**»t«  *t  th% 

xfVi  f»*»/  fX'llVf  ill'ffslfx  falls  I.'  H«l/*  its  NMIlMtHW  IS  tht  hi$tt  UvUth 

i»f  thi'  iiMt* 
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One  then  defines  the  parameter 


nAr.Wal? 

P:'“  =  -  .  (21) 

4Q 

The  physical  significance  of  Pi"'  is  that  it  is  the 
output  power  that  would  be  detected  in  the 
absence  of  feedback  at  l,  =  I..  It  is  a  measure  of 
the  noise  power  level  in  the  system.  Using  equa¬ 
tion  (21),  equation  (20)  becomes 


Figure  3  shows  the  output  characteristics  of  an 
orotron  with  P'."'/Pmm,  =  10''  compared  with 
those  of  an  ideal  oscillator.  Because  of  the 
relative  weakness  of  Smith-Purcell  radiation,  the 
ratio  P"‘‘/P..,  is  more  likely  to  be  ~10'\  thus, 
the  orotron  should  behave  as  an  ideal  oscillator. 


Figure  3.  Power  characteristics  of  orotron  oscillation. 


The  line  width  of  the  oscillator  output  is 
given  by  equation  (17);  substituting  equation 
(22)  into  equation  (17),  one  gets 


where  —  <u0/2Q  is  the  line  width  of  the 
passive  resonator.  Figure  4  shows  the  line  width 
characteristics  of  an  orotron  with  Pi°'/P„„  = 
10  '  compared  with  those  of  an  ideal  oscillator. 
Ideally,  the  line  width  should  decrease  from  d|?f 
in  a  linear  fashion  to  zero  at  threshold  and  re¬ 
main  zero  after  threshold.  However,  the  line 
width  attains  a  minimum  at  10  =  1.51,  and  in¬ 
creases  slowly  with  increasing  current  beyond 
that  point.  In  fact,  it  can  be  shown  from  equation 
(23)  that,  if  Pl0,/P„„  «  1,  there  is  a  minimum  at 
lo  =  1.51,  with  a  value 


p<oi 

dr;r  =  6.75  d;«j .  (24) 

P... 


Figure  4.  Line  width  characteristics  of 
orotron  oscillation. 

The  value  Pin,/P„„,  =  10-'  is  used  in 

figures  3  and  4  so  that  the  salient  features  of  the 
current  dependence  are  clearly  visible.  A  more 
likely  value  is  10  \  To  choose  a  specific  example, 
one  may  take  P„.,  =  10  W,  Pi01  =  10  pW,  and 
Q  =  3000.  At  frequency  f  =  75  GHz,  equation 
(17)  gives  d,""  =  12.5  MHz.  The  minimum  line 
width  above  threshold,  from  equation  (24).  is 
d”',"  =  84  Hz.  Thus,  if  the  above  conditions 
hold,  the  actual  line  width  of  the  orotron 
oscillator  above  threshold  is  determined  by  the 
stability  and  the  regulation  of  the  orotron  power 
supply  (unpublished  data),  rather  than  by  the  in 
herent  noise  characteristics  of  the  system 
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4.  AMPLIFICATION  CHARACTERISTICS 


The  orotron  operates  as  an  amplifier  when 
the  current  source  in  the  equivalent  circuit 
(tin.  2)  represents  the  effect  of  an  external  driver 
Ifig.  1,  input  waveguide).  The  input  signal  is 
assumed  to  be  large  enough  so  that  the  noise  may 
be  ignored,  yet  small  enough  so  that  we  may  per¬ 
form  a  small  signal  analysis  of  the  equivalent  cir¬ 
cuit. 


We  consider  the  orotron  operating  below 
threshold.'  If  the  input  signal  is  sufficiently 
weak,  one  may  neglect  the  dependence  of  the 
beam  conductance  on  power  and  simply  write 


Two  cases  are  now  considered:  excitation  of  the 
orotron  by  a  monochromatic  driver  and  excita¬ 
tion  by  a  source  of  finite  spectral  width. 

4  1  Monochromatic  Excitation 

Consider  excitation  by  a 
monochromatic  source  of  frequency  ca„.  Let  P,» 
be  the  power  absorbed  by  the  electron  beam  at 
the  input  waveguide  f fig.  1),  and  let  r)  be  the  effi¬ 
ciency  in  converting  input  power  into  Smith- 
Purcell  radiation.  The  current,  i(a>„),  may  be 
related  to  P,„  by  considering  the  power  dissipated 
in  the  load  conductance,  G«  +  G„>,: 


|i(co„)|J 

2(G„  +  G.„,) 


(26) 


The  output  power  is  derived  in  the  same  manner 
as  in  section  3;  the  result  is 


AnP  ,„o>o 


' In  thr .  rrxmn.  thr  nrntrnn  nfH'ruti"*  «s  u  linrur  umfilifirr  Ahnvr 
•hr>  h'llJ  untfilifirr  nut/iut  fintnrr  rs  nn  Inriyrr  dim  lly  firnfinrtu  mul  hi 
infill I  fnnnrr 


which  depends  only  on  the  passive  resonator 
properties  (through  o>„,  Q,  and  A)  and  the 
method  of  coupling  the  input  driver  to  the 
system  (through  rj).  It  is  independent  of  electron 
beam  current.  To  get  appreciable  gain  from  the 
amplifier,  it  is  necessary  to  operate  the  orotron 
very  close  to  threshold  to  overcome  the  factors  A 
and  rj  in  equation  (29)  (both  are  less  than  unity). 
However,  in  so  doing,  the  bandwidth  of  the 
device  is  reduced  appreciably  in  comparison  with 
the  bandwidth  of  the  nonfeedback  system.  For 
instance,  with  I„  =  0.951,,  Q  =  3000,  f  = 
75  GHz,  and  optimum  output  coupling*  A  = 
0.5,  one  gets  Q,„  =  60,000  and  <50  =  0.63  MHz. 
If  rj  =  0.1  is  chosen  (a  not  unreasonable  value), 
the  gain  is  A,,  =  20. 

4.2  Excitation  by  Source  of  Finite  Spectral 
Width 

If  the  driver  is  not  monochromatic, 
one  must  perform  an  integral  over  frequency  of  a 
quantity  similar  to  that  given  in  equation  (27) 
multiplied  by  the  line  shape  of  the  driver  to  ob- 

'I)  I  Wurtniun  and  l<  /'  l.cuvitt .  Nrtir  Millimeter  Wuvc  Omtrnn 
Kcwurrh  Study  Hurry  Diumand  l.uhnrutonrs  fOrtnbcr  I97M  UJruft ) 


1 


I 


tain  the  total  power  output.  One  •  ay  consider  a 
source  ot  Lorentzian  line  shape  such  that 

2(G»  +  G»,)  n|  (u>  -  uio)*  +  d,',) 


which  is  normalized  so  that  the  power  dissipated 
in  the  load  conductance.  G,  +  G_,.  is  r)P...  as 
before  The  quantity  d„  is  the  driver  line  width 
The  spectral  density  of  the  output  power  is 


X  I)  dp  u»0 

•ftO'l  (u)-u>t>)a  +  d&]  (  (u>-u>0P  +  d£  ) 


(33) 


and  the  total  output  power  is 


P-.  - 


Ar)P..doQi, 


dp  +  dp 

A'  +  (d0  +  do)1 


.  <341 


UftOlHO*  t  >411 VI  N  VTtc'Hv.M 


»  0  0%  0  d  S 

W.  wpiUNlTS  A«»  4  | 

Figure  5.  Orotron  amplifier  frequency  response: 

dp  ™  A©  ■*  A. 


.  |S,\  ntSMNSt 


where  A  -  u >D  -  u>0  For  sufficiently  small  d„,  the 
output  power  of  equation  (34)  approaches  that  of 
a  monochromatic  source  as  given  by  equation 
(27).  Figures  5  to  10  depict  the  frequency  spec¬ 
trum  of  the  output  radiation  for  various  values 
of  d0  do.  and  A.  Also  shown  are  the  individual 
spectra  of  the  driver  and  the  amplifier  To  ac¬ 
curately  reproduce  the  spectral  characteristics  of 
the  driver,  the  width  of  the  orotron  response 
must  be  much  larger  than  the  driver  width  In 
fact,  it  can  be  shown  from  equation  (33)  that  to 
first  order  in  dp  the  shape  of  the  response  curve  is 
unchanged,  but  is  shitted  relative  to  the  driver  by 
an  amount 


|Au>„,| 


di 

A - 

A*  +  dj 


(35) 


-•  a-plUNlTS  Am  dj 

Figure  t.  Orotron  amplifier  frequency  response: 

dp  *  A>.  A  ™  2i\*. 


11 
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Figure  7.  Orotron  amplifier  frequency  response: 

a  do*  A  =  5du. 


Figure  9.  Orotron  amplifier  frequency  response: 

do  »  0.4  do*  A  =  0.5 d0. 


COMOiNIO  »HtOulV  >  SPUTHuM 


UWH'HU  >  RtSPONSt 


OHO T HON  HISPONSi  OHivFR  SPCCTRuM 


L_^ 
1  0 


w  u» (-.(UNITS  ARE  dj 


U.  «»D(UNITS  are  .10» 


Figure  8.  Orotron  amplifier  frequency  response: 

do  —  do,  i  s  0. 


Figure  10.  Orotron  amplifier  frequency  response: 

do  *  0.2do,  A  —  0.5<V. 


5.  CONCLUSIONS 

The  orotron  operates  as  a  nearly  ideal 
oscillator  if  P'01  «  P„„ ,  where  P’°'  and 
characterize,  respectively,  the  noise  level  and  the 
power  output  from  the  system.  The  line  width  of 
the  output  radiation  above  threshold  is  reduced 
by  a  factor  of  6.75Pl0,/P„„  relative  to  the  line 
width  of  the  passive  open  resonator.  The 
dependence  of  output  power  and  line  width  on 
electron  beam  current  was  determined.  For 
reasonable  signal-to-noise  ratios,  the  calculated 
line  width  above  threshold  is  so  small  that  the  ac¬ 
tual  line  width  of  the  system  depends  on  the 
stability  of  the  orotron  power  supply  rather  than 
the  inherent  noise  characteristics  of  the  orotron. 

A  small  signal  analysis  (neglecting  the 
power  dependence  of  the  electron  beam  conduc¬ 
tance)  has  been  performed  to  determine  the 
amplification  characteristics  of  the  orotron. 
Below  threshold,  the  orotron  behaves  as  a  linear 
amplifier  with  a  gain  that  increases  as  the 
threshold  current  is  approached.  The  product  of 
the  square  root  of  the  power  gain  and  the  half 
bandwidth  is  a  constant,  depending  only  on  the 


geometry  of  the  system  and  not  on  the  electron 
beam  current.  Amplification  characteristics  were 
determined  when  the  orotron  was  excited  by  a 
source  of  finite  spectral  width.  For  the  orotron  to 
faithfully  reproduce  the  spectral  content  of  the 
input,  the  source  width  must  be  much  less  than 
the  bandwidth  of  the  orotron  response. 

The  phenomenological  parameters  intro¬ 
duced  in  this  report  (that  is,  P‘  ’,  I,,  and  are 
in  principle  calculable  from  the  fundamental 
theory  of  orotron  operation.  In  particular,  P'"1 
may  be  determined  from  the  theory  of  Smith- 
Purcell  radiation.  The  threshold  current,  I„  is 
determined  from  the  linear  theory  of  electron 
bunching,  and  Pm<11  can  be  obtained  from  a 
nonlinear  bunching  calculation.  These  calcula¬ 
tions  will  be  the  subject  of  future  reports. 
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